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Description 

[0001] This invention relates. to security seals of the 
type including a bott and a locking body for securing a 
hasp, the seal including electronics for transmitting the £ 
locked and tapered states of the seal. 

CROSS REFERENCE TO RELATED APPLICATION 

[0002] In the cargo industry, containers are widely 10 
employed. The containers have doors which are locked 
shut with hasps and secured with locking seals. Such 
seals include a steel bolt having a head and shank which 
is attacked to a locking body having a shank locking 
mechanism. When the shank is inserted into the body, 15 
a locking collet or other arrangement permanently locks 
the shank to the body. For example, reference is made 
to commonly owned US Pat. Nos. 5,005,883, 
5,127,687, 4,802,700, 5,347,689, 5,413,393 and others 
for the disclosure of various seals of the type described. 20 
[0003] Cargo containers are shipped via boat, train 
and truck. Hundreds of containers may be on a single 
boat. When the containers are unloaded they may be 
subject to tampering and vandalism. It is important that 
such tampering be immediately noted to preclude theft 25 
of valuable cargo. To assist in such theft and tampering 
prevention, prior art seals are assigned serial numbers. 
These seals are then assigned to a container and lock 
the assigned container. The serial number, container 
number, the carrier, and the location are then entered 30 
into a local computer manually. The entry then is man- 
ually made to show that the container is being shipped 
out of that location. Should a seal be tampered with, the 
event may be discovered at a different time and different 
location. 35 
[0004] An electronic tagging device is commercially 
available that is programmable and which transmits in- 
formation that is programmed, such as tagging identifi- 
cation serial numbers and other information as desired. 
This is referred to as radio frequency identification 40 
(RFID) which is well known in the art. Generally, an RFID 
tag will have a radio frequency (RF) transmitter, an RF 
receiver, an RF modulator, and a memory. The memory 
retains the digital code manifesting the identification 
number. The RF modulator extracts the digital code rep- *5 
resenting the identification number as a modulated sig- 
nal which is applied to the RF transmitter. The RF re- 
ceiver receives interrogation and control signals which 
manifest a request for the identification number. 
[0005] Such systems provide security tagging for high so 
value merchandise as it is transferred from the manu- 
facturer to the consumer. Other applications include tag- 
ging of animals, humans and vehicles such as trucks 
and their cargo containers. Other applications include 
automatic toll collection systems. ss 
[[0006] Fig. 19 illustrates a prior art RFID communica- 
tion system 214. The system includes an interrogator 
216 and an RFID tag 218. The interrogator 216 includes 
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a host controller 220 to process received information 
from the RFID tag 218 via antenna 222 and receiver 
224. To retrieve information from the RFID tag 218, the 
host controller 220 generates an interrogation com- 
mand signal which is transmitted by transmitter 226 and 
antenna 228 as signal 230. The tag 218 transmits RFID 
signal 232 via antenna 234 in response to receipt of the 
interrogation command signal 230. The receiver 224 re- 
ceives the signal 232 via antenna 222. The signal 232 
manifests the identification number of the tag 218: 
[0007] The RFID tag 218 has an antenna 236 and a 
receiver 238 to receive the interrogation command sig- 
nal 230 from the interrogator 216. The receiver 238 
transfers the received command signal to a controller 
240. The controller 240 interprets the command and ex- 
tract the corresponding identification number (ID) from 
memory 242. The extracted identification number is 
then transferred by the controller 240 to transmitter 244 
which transmits the ID to antenna 234 which broadcasts 
the signal 232. 

[0008] In active RFID tags, power 246 is provided by 
a battery system. In passive systems, the power is in- 
duced from the received signal. The signal 232 trans- 
mitted by the RFID tag 218 is modulated back scatter of 
the original signal transmitted by the interrogator 216. 
[0009] The controller 240. may have an interface, not 
shown, to receive data from external transponders such 
as temperature sensors, pressure sensors, global posi- 
tioning sensing and other teiemetric measurement data. 
[0010] When multiple RFID tags 218 are simultane- 
ously in close proximity to the interrogator 216 and the 
interrogator is broadcasting interrogation and control 
signals, the RFID tags may simultaneously respond. 
The responses may collide and the identification codes 
may be garbled and lost. Generally, the interrogator will 
rebroadcast commands to establish an order of broad- 
cast of the RFID tags. This ordering of the broadcast is 
possible only from active RFID tags. 
[0011] US Pat. No. 5,479,160 to Koelle, provides an 
inexpensive circuit that consumes low power, can detect 
low level RF signal and RF signals of varying strength, 
and can reject intermittent low level RF interference. 
Logic circuitry is provided to insure that the read/write 
circuitry of the tag will not be activated unless the polar- 
ity of the reactivation signal is detected for a specified 
time. 

[0012] US Pat. No. 5,541,604 to Meier, allows the use 
of a single set of circuitry in each of the interrogator and 
the transponder for transmission and reception of both 
powering and communication signals ;without the need 
for synchronization between interrogators. PWM (pulse 
width modulation), PPM (pulse position modulation and 
FSK (frequency shift keying) transmission systems are 
disclosed. 

[0013] US Pat. No. 5,485,154 to Brooks etal, encom- 
passes systems and methods of communicating.with or 
identifying more than one remote device employing ran- 
dom sequence selection of a carrier signal frequency 
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from a defined set of carrier frequencies. The remote 
device selects a carrier signal frequency and transmits 
data such as an identification code using that frequency 
and then reselects the same or a new carrier signal fre- 
quency for the next transmission event. 5 
[0014] US 5 656 996 discloses an electronic bonding 
device which provides a seal for containers and equip- 
ment and allows the status of the seal to be remotely 
monitored. The device has a seal body housing sensing 
means and communication means. The sealing means 10 
comprises a line provided between terminal end points 
forming a circuit. The circuit may be an optical fiber light 
transmission circuit or an electrical circuit. The circuit 
wrapped around goods. Tampering of the circuit is not- 
ed, and a respective signal is send. 15 
[001 5] US 4 982 985 showing the features of the pre- 
ambule of claim 1 discloses a seal having an optical fiber 
extending through the bolt. If the bolt is cut, the fiber is 
interrupted and a signal is set. 

[001 6] However, there are no mechanical seals of the 20 
type described in the aforementioned seal patents or co- 
pending application for use with such electronic tagging 
devices presently available. The present inventors rec- 
ognize a need for such electronic tagging circuits for use 
with bolt seals to resolve a long felt problem in the cargo 25 
shipping field. 

[0017] This problem is solved by the teaching of claim 
1. 

[0018] An electronic seal comprises a housing having 
a cavity that receives a bolt that has an elongated shank 30 
and a head. Signal generating means are in the cavity. 
Bolt locking means receive and lock the shank to the 
housing. Circuit means in the cavity are responsive to 
the received locked shank for causing the signal gener- 
ating means to generate a first signal manifesting a first 3S 
code and a locked seal and a second signal manifesting 
a second code and a tampered condition when the 
shank is seve raged. 

[0019] In one aspect, an electrical conductor com- 
pletes a circuit with the circuit means and extends along 40 
a length of the shank. 

[0020] The housing preferably includes an opening 
for receiving means for programming the circuit means 
with seal identifying data, the housing including a door 
for selectively closing the opening, the door including a 45 
bolt receiving recess for locking the door closed in re- 
sponse to the received locked shank engaged with the 
recess. 

[0021] In a still further aspect, the circuit means in- 
cludes contact means for engaging the received locked 50 
shank for electrically coupling an electrical power 
source to the circuit means, further including conductor 
means extending along the shank for completing .a cir- 
cuit to and with the circuit means. 

[0022] Preferably, contact means are responsive to 55 
and ohmically coupled to the insertion of the shank into 
the cavity for applying electrical power to the circuit 
means. 



[0023] The bolt locking means preferably comprises 
a body secured in the cavity, an annular recess in the 
body and an annular ring segment in the recess, the 
shank including a groove for engaging the ring segment 
for locking the shank to the body. 
[0024] The circuit means preferably includes means 
for causing the second code to be generated upon in- 
terruption of the applied electrical power. 
[0025] The contact means preferably comprises a 
support, a first contact on the support and a resilient sec- 
ond contact secured to the support releaseably en- 
gaged with the received shank and ohmically connected 
to the first contact. 

[0026] Preferably the second contact is serpentine 
and is preferably S-shaped. 

[0027] The seal in a further aspect includes transmis- 
sion means for transmitting the first or second signals. 
[0028] The seal in a further aspect includes means re- 
sponsive to an applied input signal for causing the trans- 
mission of the first and second signals. 

IN THE DRAWING: 

[0029] 

FIGURE 1 is atop plan view of an electronic security 
seal not part of the present invention; 
FIGURE 1a is an exploded isometric view of the 
seal of Fig. 1 ; 

FIGURE 2 is an exploded isometric view of a portion 
of the seal of Fig. 1a; 

FIGURE 3 is an isometric view of a battery terminal 
used in the seal of Fig. 1a 

FIGURE 4 is a side elevation sectional view of a 
component of Fig. 2; 

FIGURE 5 is a side sectional elevation view of the 

seal of Fig. 1 taken along lines 5-5; 

FIGURE 6 is an end sectional elevation view of the 

seal of Fig. 1 taken along lines 6-6; 

FIGURE 7 is a sectional side elevation view of the 

bolt locking body employed in the embodiment of 

Figs. 1 and 1a; 

FIGURE 8 is a side elevation view of a spring used 
in the body of Fig. 7; 

FIGURE 9 is a sectional side elevation view of a bolt 
according to a second embodiment of the present 
invention; 

FIGURE 10 is a plan view of a circuit board em- 
ployed in the seal of Fig. 1a; 
FIGURE 11 is a side elevation view of the board of 
Fig. 10 taken along lines 11-11; 
FIGURE 12 is a side elevation view of an insulator- 
conductor assembly employed in the seal of Figs. 
1 and 1a; 

FIGURE 13 is an end elevation view of the assem- 
bly of Fig. 12; 

FIGURE 14 is a schematic block diagram of a circuit 
and fragmented sectional side elevation view of a 
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bolt for use with the circuit according to seat the of 
Figs. 1 and 1a; 

FIGURE 14a is a schematic block diagram of the 
diagram of Fig. 14 in more detail; 
FIGURE 15 is a plan view of a circuit board em- s 
ployed in an embodiment; 

FIGURE 16 is a side elevation view of the board of 
Fig. 15 taken along lines 15-15; 
FIGURE 17 is a perspective view of a further em- 
bodiment of a bolt, seal and contact arrangement 
of a seal according to the present invention; 
FIGURE 18 is a side elevation view of the bolt of 
Fig. 17; 

FIGURE 19 is a block schematic diagram of a prior 
art RFID interrogation and tag system; and 
FIGURE 20 is a side elevation sectional view of a 
further bolt . 

[0030] The seals of Figures 1, 1a, 2 to 8 and 20 are 
not part of the present invention and serve for explana- 
tion only. 

[0031] In Fig. 1, electronic seal device 2 not part the 
present invention includes a seal 4 and a bolt assembly 
6 locked to the seal 4. The bolt assembly 6 locks hasps 
8, 8' together The hasps 8, 8' may be part of a cargo 
container (not shown), for example, for locking the con- 
tainer door shut. 

[0032] In Fig. 1a, The bolt assembly 6 in one embod- 
iment comprises a steel bolt 10 and electrically insulat- 
ing thermoplastic tube 12. Bolt 10 comprises a shank 
14 and a head 16. The head and shank are a one piece 
metal structure and are electrically conductive as a sin- 
gle conductor. An annular locking groove 18 is in the 
peripheral surface of the shank 14 adjacent to the shank 
tip 20 distal the head. The bolt 10 is conventional and 
is, for example, for use with a bolt locking body as dis- 
closed in the aforementioned Pat. No. 4,802,700. The 
seal structure disclosed in this patent is by way of ex- 
ample and other seal structures employing bolts and 
locking bodies as disclosed in others of the aforemen- 
tioned patents in the introductory portion or as otherwise 
know irvthis art may be employed in the alternative. 
[0033] The bolt 10 is used with a locking mechanism 
21 comprising a body 22, Fig. 7 and a partial spring steel 
ring 24, Fig. 8. The ring 24 is received in internal annular 
stepped groove 26 in the locking body 22 which also has 
a longitudinal bore 27. The groove 26 has an enlarged 
tapered section and a smaller diameter cylindrical por- 
tion. The ring 24 in the groove 26 expands in the tapered 
section as the bolt shank is inserted. The ring 24 then 
becomes aligned with the groove 18 in the bolt shank 
14 and returns to its quiescent diameter by compressing 
partially into the shank groove. When the bolt is attempt- 
ed to be unlocked by retracting it in direction 30 in Fig. 
7, for example, the ring is compressed further into the 
groove 18 of the bolt by a smaller diameter step 28 in 
the body groove 26. The step 28 in the body groove 26 
and the bolt 10 groove 18 cooperate to lock the bolt to 
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the body 22 to preclude further withdrawal of the bolt 
from the body 22 bore 27. 

[0034] In Figs. 1a and 12, the bolt assembly 6 also 
includes a thermoplastic tube 12 made of relatively stiff 
hard plastic material such as vinyl and the like. The tube 
1 2 has an elongated tubular body 32 with a bore 34. The 
bore 34 closely receives the bolt shank 14, Fig. 5. The 
body 32, Fig. 12, terminates at one end in an enlarged 
radially outwardly extending annular bifurcated flange 
36 having an annular groove 38. A wire electrical con- 
ductor 40, e.g., copper, is embedded within the tube 12. 
The conductor 40 has terminal ends 42, 42* protruding 
from the tube 12 at raised boss 44 radially extending 
from the tube flange 36. The conductor 40 extends along 
the axial length of the tube 12. One portion 40' of the 
conductor extends from end 42 linearly along one side 
of the tube 1 2 . A semi-annular conductor portion 45 cir- 
cumferential ly extends about the tube 1 2 at end 46 distal 
the flange 36 for about 180°. A second portion 40" ex- 
tends axially on the opposite side of the tube 12 as por- 
tion 40* terminating at end 42\ The portions 40' and 40" 
may also circumscribe the tube in the alternative, as 
they progress from ends 42, 42* to the annular portion 
45. 

[0035] The tube bore 34 is dimensioned to closely re- 
ceive the bolt shank 14. The tube end distal the flange 
36 abuts the bolt head 16 and the bolt shank 14 to form 
a fluid tight seal at the interface therebetween to pre- 
clude moisture from penetrating the interface. 
[0036] In Figs. 1a, 2, 5 and 6, the seal 4 comprises a 
preferably molded transparent thermoplastic housing 
48 and an end rear wall assembly 50. The housing 48 
and assembly 50 together form an interior chamber 51, 
having sub-chambers 60, 62 and 64. A printed circuit 
board assembly 52 is in chamber 60, a pair of batteries 
54, a battery end contact 56 (Fig. 3) and battery contacts 
58 are in sub -chamber 62. The lock mechanism 21 and 
tube 12 flange 36 are in sub-chamber 64. 
[0037] The wall assembly 50 comprises a molded 
transparent thermoplastic fixed wall 66 and a separate 
thermoplastic molded movable door 68. The wall 66 is 
permanently secured to the interior sides of the housing 
48 by ultrasonic welding, heat welding or adhesive 
bonding or any other fixation process according to a giv- 
en implementation. 

[0038] In Fig. 5, the tube 1 2 flange 36 abuts the hous- 
ing front wall 70 and is locked fixed in place by the abut- 
ment of the lock mechanism 21 body 22, which may be 
press fit into generally circular cylindrical chamber 64 
and abuts the flange 36. Body 22 abuts tubular member 
1 02 (Fig. 2). A bore 72 is in the front wall 70 for receiving 
therethrough the tube 12. The front wall 70 is thicker at 
the flange 36 in the bore 72 to reinforce this portion of 
the housing 48. The wall assembly 50 locks the tube 12 
and locking mechanism 21 in the housing cavity. 
[0039] A pair of slots 74, Fig. 6, are in chamber 60 in 
opposite side walls of the housing 48. for slidably receiv- 
ing the printed circuit board 52' of assembly 52. The 
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board 52' overlies the wall 76 of the housing for the full 
extent of the wall 76 and is locked in place by the front 
wall 70 and rear wall assembly 50. 
[0040] Rear wall assembly 50 fixed wall 66, Figs. 2 
and 4, is generally rectangular preferably molded trans- 
parent thermoplastic. Wall 66 fits snugly within the hous- 
ing 48. The wall 66 has opposing mirror image U-shaped 
end portions 78, 80. The portions 78 and 80 each have 
opposing aligned slots 82 and 84, respectively. A pair of 
parallel arcuate elongated recesses 86 are in a face 88 
of wall 66. A rectangular opening 90 is formed in wall 66 
adjacent to the recesses 86 and terminating at wall edge 
92. The recesses 86 terminate in communication with 
the opposite wall edge 94. The recesses 86 are inter- 
mediate the slots 82 and 84. The opening 90 is defined 
by facing spaced edges 96 in wall 66 coextensive with 
the edges 96' of the portions 78 and 80. The edges 96 
taper somewhat in opposite directions away from open- 
ing 90 to serve as a lead in for a programming unit (not 
shown). 

[0041] In Figs. 2 and 4, wall 66 portion 78 has a cir- 
cular in plan view concave recess 98 for receiving the 
convex circular in section tip 20 of the received locked 
bolt shank 14. The recess 98 extends into the wall 66 
from the interior face 100 extending past the slot 82. In 
this way, the received bolt tip 20 passes through and 
blocks the slot 82. A tubular member 102 extends from 
wall 66 into the chamber 64 coextensive and concentric 
with the chamber 64 which is generally circular cylindri- 
cal. The tubular member 102 has a longitudinally ex- 
tending slot 104. The bore of member 102 receives the 
locked tip end of the received bolt shank 14 for aligning 
it with the recess 98. 

([0042] Door 68 has a central section 69 and a reduced 
thickness pair of opposite wing sections 106, 108 which 
fit info and slide within the respective slots 82 and 84 of 
wall 66. Section 106 has a shorter length than section 
108 to form a shoulder 110. The shoulder 110 abuts or 
may be closely spaced from the received tip 20 of the 
received bolt shank 14. A pair of compression springs 
112 are received in grooves 114 in the side of the central 
section 69. The grooves 114 extend partially into the 
section 69 from door edge 116. The springs are also re- 
ceived in the recesses 86 of the wall 66. With the door 
68 mounted in slots 82 and 84, the door slides in direc- 
tions 118. The springs 112 urge the door 68 in direction 
118* to close the opening 90. 

£0043] In Fig. 10 and 11, printed circuit board assem- 
bly 52 comprises a circuit board 120 with a programma- 
ble circuit 121 comprising a CPU 122, a computer 
processing unit, memory 124 and other circuit compo- 
nents 126 such as crystals, capacitors and resistors for 
providing a programmable transmitting RFID tag circuit 
similar to the circuits of Fig. 19, or certain of the patents 
noted in the introductory portion and modified as de- 
scribed herein. The board 120 has contacts 128 for re- 
ceiving a programming portable unit (not shown) for pro-: 
gramming the circuit 121 with a seal identification code, 



i.e., a unique number assigned a particular seal, geo- 
graphic location where the seat is being deployed, con- 
tainer identification, e.g., a unique number assigned to 
a cargo container, the shipping earner for the container, 

5 the container port of origin, container destination, inven- 
tory of the container and other data. Such a program- 
ming circuit is within the skill of one of ordinary skill in 
the computer programming art. The circuit 121 is con- 
nected to the conductor 40 terminal ends 42 which com- 

10 pletes the circuit. 

[0044] A resilient contact 130, e.g., beryllium copper, 
is on the board 120 and connected to the circuit 121 for 
providing electrical battery power to the circuit by closing 
an ohmic connection between the circuit 121 and the 

15 batteries. The contact 56, Fig. 3 provides a serial con- 
nection to opposite polarity terminals of the batteries 54. 
The contact 1 30 is S-shaped with a bent contact leg 1 32 
for engaging the shank 14 during insertion and locking 
of the bolt and after the bolt is locked. The contact 130 

20 is mounted on the board 120 with a second leg 134. 
[0045] The contact 1 30 is ohmically connected to the 
circuit 121. A further contact 136 on the circuit board 

120 is connected to the batteries to complete the circuit 
between the batteries and the circuit 121. The circuit 121 

25 is also connected to a second battery contact 58. When 
the shank 14 is received in the seal 4, the shank de- 
presses the contact 1 30 into electrical ohmic connection 
with contact 136, Fig. 11. This arms the circuit. Subse- 
quent interruption of a signal in the circuit 121 by break- 

30 ing the conductor 40 is sensed by the circuit 121 in a 
sensor portion. This changes the codes in the circuit and 
causes the generation of a "tamper* signal, i.e., a sec- 
ond code. The tamper signal may be the word "tamper" 
which is generated and transmitted instead of the nor- 

35 mal signal or first code. Power is supplied to the circuit 

121 after the bolt is inserted by closure of the engaged 
contact 130. 

The circuit 121, Fig. 14, is a programmable RFID tag 
circuit including a controller comprising CPU 122 and 

4o memory 124, e.g., an EPROM, an electronically pro- 
grammable ROM, which is programmed by the portable 
programming unit forming the programming means 140 
and other memory such as a ROM and so on.. The cir- 
cuit 121 may include the circuit elements of the circuit 

45 of Fig. 19 and further including the programmable 
EPROM. The circuit 121 includes a transmitter 142 and 
. a transmission antenna 144. Transmitter 142, once en- 
ergized by the insertion of the bolt, transmits the encod- 
ed signal intermittently at random time intervals, for ex- 

50 ample, in the range of 1-10 seconds, and which may be 
conventional. The circuit 121 includes a programmable 
arrangement for programming a given ID, the first code 
or normal signal. 

[0046] The depicted circuit includes two possibilities. 
55 The bolt 10 with tube 12 is shown connected to the con- 
trol means of circuit 121 by solid line conductors. The 
bolt 146 of Fig. 9 (or bolt 190 of Figs. 17 and 18) in a 
second embodiment has the head and electrically con- 
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ductive layer portion thereof shown connected to the cir- 
cuit 121 by dashed lines to illustrate an alternative em- 
bodiment. The shank tip shown represents both embod- 
iments. 

[0047] The ID information discussed above is pro- 5 
grammed into the circuit 121 by the portable program- 
ming unit, programming means 140. Programming and 
manufacturing such a programming unit is within the 
skill of one of ordinary skill in this art. Once the circuit 
121 is energized, the circuit 121 begins transmission of 
the data, previously programmed into the circuit, via 
transmitter 142 or in the alternative, selectively in re- 
sponse to interrogation in a different embodiment. This 
data includes a first code manifesting the serial number 
of the seal device 2 and other data noted above. This 
data preferably is transmitted periodically every few sec- 
onds at random intervals, for example, or upon interro- 
gation, in the alternative. The batteries are permanent 
and have a life sufficient for this purpose for the antici- 
pated life of the seal device 2. 

[0048] In Fig. 14a, in system 248, a locking bolt is in- 
serted, reference numeral 251, into the seal. This acti- 
vates the controller 253 which causes the first code sig- 
nal generator 256 to generate a first code manifesting 
a locked seal. The transmitter 258 through the controller 
253 transmits the first code to a reader 250, which may 
be conventional. The reader includes an antenna, a re- 
ceiver and a circuit for decoding the received signal and 
converting it to the desired data for further transmission 
or display. 

[0049] If the circuit is interrupted, Fig. 14, e.g., by sev- 
ering the conductor 40 in the tube 12, the program of 
circuit 1 21 is programmed by the program in the memory 
124 to immediately sense this condition. Electrical pow- 
er is applied to the circuit at all times while the bolt is 
inserted. The circuit 121 will transmit automatically or, 
in the alternative in a different embodiment, upon inter- 
rogation, via transmitter 142, Fig. 14, a new code man- 
ifesting a tampering condition to the reader 250. 
[0050] In Fig. 14a, the interruption of the circuit 121 
by a tampered bolt 259 is sensed by the controller 253 
which immediately causes the generation of the second 
code by generator 260 and disables the first code gen- 
eration. Reader 250 reads the seal data transmitted by 
transmitter 258 under control of the controller 253. 
[0051] Antenna 144 comprises a wound wire coil on 
the rear surface of the board 120. The antenna may be 
covered by a label with the unique serial number. This 
number is visible through the housing 48, which is trans- 
parent in this example, and which is the serial number 
programmed into the circuit 121. 
[0052] The program of circuit 1 21 , in response to mo- 
mentary interruption of power, or interruption of the cir- 
cuit 121 by severing the conductor 40, is programmed 
to transmit the message "tamper." The reader 250, Fig. 
14a, which may be hand held or permanently installed, 
adjacent to a conveyer of the cargo container or road- 
way for a trailer truck, receives the transmitted signal. 



The reader is coupled to a local, but remote computer 
(not shown). The tamper signal from the reader is for- 
warded to the computer which also indicates this state 
with a display and may be programmed to set off an au- 
dible and/or visual alarm also or in the alternative. This 
alarm is immediate and the transmitted signal immedi- 
ately identifies the seal and the container that has been 
tampered with. The tampering is noted at a given con- 
tainer location by reading the transmitted signal at dif- 
ferent shipping and receiving points. 
[0053] In operation, the seal device 2, Fig. 1a is as- 
sembled without the bolt 10 attached or with the bolt 
temporarily attached exterior the housing 48 within the 
tube 12. The seal at this time has no identifying serial 
number programmed into the circuit 121. However, the 
unique serial number is visible through the housing 48 
on a label on the back of the circuit board 120. The seal 
4 is then assigned a container (or door etc!) to be se- 
cured. A programming unit (not shown) is inserted 
through the door 68, Fig. 1a, opening 90 (Fig. 2). The 
programming unit is engaged with the contacts 128, Fig. 
1 0 of the circuit 121. the unit then programs the unique 
data associated with this seal. The programming unit is 
then removed and the door 68 automatically shuts in re- 
sponse to the springs 112. 

[0054] At this time the bolt 10 shank is inserted fully 
into the tube 12 of the programmed device 2 until the 
bolt head 16 abuts the tube 12 end 46, Fig. 12. This 
seats the bolt shank 14 tip 20 into the recess 98 in the 
wall 66 of rear wail assembly 50 and within the bore of 
tubular member 102 attached to the wall 66. The seated 
shank tip locks the door 68 shut so that the circuit 121 
program can no longer be changed. The bolt is perma- 
nently locked to the locking mechanism and can not be 
removed without destroying the bolt or seal 4. 
[0055] The insertion of the shank 14 closes the switch 
formed by contact 130, Fig. 14, powering the circuit 121 
and activating it. A signal is applied to and passes 
through the conductor 40 to and from the circuit 121. 
This circuit 121 is programmed to sense the presence 
of this signal to show the tamper state of the seal. The 
circuit 121 , once powered on, is armed and will transmit 
the programmed seal identification and related data to 
a local interrogator/receiver (not shown) upon interroga- 
tion. . 

[0056] Assume the bolt shank 14 is severed in order 
to open the seal device 2. This severs the conductor 40. 
The severing of the conductor 40 interrupts the signal 
supplied to and from the circuit 121. The circuit 121 pro- 
gram senses this interruption and is programmed to 
change the programming to note the tampered condi- 
tion. This condition is transmitted by transmitting the 
word "tamper" and/or a change in serial number and/ or 
an alarm condition. When the alarm condition is read by 
reader 250, the integrity of that container has been 
breached. The reader 250 also stores the seal number 
of each seal that has been breached. This information 
is manually read from the reader 250. 
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[0057] If a number of signals are being transmitted in 
close proximity, then the signals are distinguished by a 
signal separation circuit. For example, a circuit as dis- 
closed in the aforementioned copending application in- 
corporated by reference herein may be used or other 
known circuits as described in the introductory portion 
may be used. 

[0058] If an attempt is made to pull the bolt out of the 
seal 4 and reprogram the circuit and then reinsert the 
bolt, the circuit 121 senses this and transmits "tamper." 
Any attempt to cut or sever the tube 12 causes a 
"tamper" signal to be generated. The tamper signal is 
repetitively transmitted. Thus it is important that no in- 
terruption of the circuit occurs once the circuit is pow- 
ered on and armed. Thus it is important that the contact 
130 be arranged to provide positive ohmic connection 
to preclude any accidental interruption of power or sig- 
nal to the circuit 121. It is important that the contact 130 
not disengage due to shock loads such as dropping and 
rough handling of the attached container. Contact 130 
withstands such shock loading. 

[0059] In Fig. 9, an embodiment of a seal comprises 
a bolt 146 having a head 148 and a shank 150. The bolt 
shank 150 has a reduced diameter tip 154 in which an- 
nular groove 152 is formed. Groove 152 may be identi- 
cal to groove 18 in the bolt 10, Fig. 1a, and serves the 
same purpose. The shank 150 is larger in diameter than 
the shank 14 of the boit 10. The hasps 8, 8\ Fig. 1, of 
containers have a maximum size bolt receiving open- 
ings 156. Therefore, to accommodate the tube 12 of the 
Fig. 1 embodiment the shank 14 of the bolt 10 is re- 
duced in diameter accordingly. To make a more tamper 
resistant bolt requires the shank to be larger in diameter. 
Due to the limitation of the hasp aperture diameter, to 
make the shank larger requires eliminating the tube 12. 
[©060] In the bolt embodiment of Fig. 9, the tube 12 is 
not required. In its place a relatively thinner electrical 
insulating coating layer 158, e.g., thermoplastic materi- 
al, is deposited over the shank 150 for the length of the 
larger diameter portion 1 60 for a given distance from the 
bolt end. The layer 158 extends for the length of the 
shank portion 160 and abuts the head 148. A conductive 
coating layer 162 is deposited over the head in electri- 
cally conductive ohmic contact with the electrically con- 
ductive metal head 148. The coating layer 162 is also 
deposited over a portion 164 of the insulating layer along 
a length of the shank 150 for a given distance from the 
bolt end. The layer 162 may extend to about medially 
the length of the shank 150. Such insulating and elec- 
trically conductive coatings are commercially available 
and need not be provided in detail herein. The insulating 
and conductive coatings are significantly thinner than 
the tube 12. For example, the tube 12 may have a wall 
thickness of about 1 .5 mm thick as compared to a thick- 
ness of about 0.01 -0.05 mm for each of layers 162 and 
164. 

HOOSI] In Fig. 15, circuit board assembly 166 includes 
contacts 168 on printed circuit board 169 for receiving 



the mating contacts of the programming unit as dis- 
cussed above. The circuit 170 on the board 169 may be 
substantially the same as the circuit 121 on the board 
assembly 52 of Fig. 10. In this case, the assembly 166 
5 includes two spaced electrically isolated contacts 172 
and 174 each of which is S-shaped and substantially the 
same in construction as contact 130, Fig. 10. The con- 
tacts 172 and 174 are mounted on the board 169. A con- 
nector 180 on the board 169 is ohmically connected to 
10 contact 174 and is ohmically connected to contact pad 
182 by conductor 184. Conductor 184 is connected to 
circuit 170 via pad 182 by other conductors not shown. 
Pads 181 and 183 are coupled to positive and negative 
voltage sources, respectively. Pad 183 is coupled to 
contact 172 and pad 181 is coupled to the circuit 121. 
The ohmic connection of contacts 172 and 174 com- 
pletes the circuit 170. 

[0062] When the bolt 146 is attached to the seal, the 
tip 154 region ohmically engages the contact 172 and 
the bolt electrically conductive layer 162 ohmically en- 
gages the contact 174. Contact 174 is ohmically con- 
nected to conductor 184 which in turn is ohmically con- 
nected to pad 182 and then to circuit 170. This couples 
the circuit 170 (Fig. 15) to the power source 54, Fig. 14. 
The coupling of the circuit 170 to the bolt 146 by contact 
174 is shown by the dashed line 186 in Fig. 14. A power 
signal from the power source is applied to the circuit 1 70 
via the bolt 146 via the coating layer 1 62 at contact 174 
and the electrically conductive shank 150 at contact 
172. The layer 162 is ohmically connected to the shank 
at the head 148 which has no insulating layer. The circuit 
tampering sensing power signal passes through the bolt 
via contact 172 at the boJt tip 154 and the contact 174 
at the layer 162. 

[00S3] If the bolt 146 is cut to break the seal, the coat- 
ing layer 162 is severed and the circuit broken because 
the head, connected ohmically to the coating layer 162, 
is severed from the shank and the contact 174 is no 
longer ohmically connected to the contact 172. Thus 
there is no ohmic connection between the layer 1 62 and 
the shank 150 in the severed bolt once the head is re- 
moved. 

[0084] In Figs. 17 and 18, a further embodiment of a 
bolt and locking seal arrangement is disclosed including 
a bolt assembly 190, a locking body 192 secured to a 
housing such as housing 48 , Fig. 1a, and a circuit and 
circuit board assembly 194. The bolt assembly 190 com- 
prises a steel bolt 196, an insulating powder coating 
1 98, a conductive paint coating 200 and a thermoplastic 
outer layer 202. The bolt 196 may be about 3.75 inches 
(9.5 cm) long and 0.312 inches (7.9 mm) diameter with 
a spherical or other shaped head 204 at one end. 
[0065] The bolt shank 197 may be under cut slightly 
in the shank region receiving the coatings 198 and 200 
to keep the shank diameter at a minimum for use with 
hasps as discussed above. The bolt head and shank are 
initially entirely coated with a rust and oxidation preven- 
tion electrically conductive coating (not shown) as 
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known in the metal working art. A commercially availa- 
ble powdered electrically insulating coating 198 is de- 
posited over most of the bolt shank in the undercut 
region , e.g., starting about one inch from the narrowing 
tapered end 206 spaced from the locking groove 199 
toward the head 204 and terminating at the base of the 
head 204. The exposed bolt region 195 only has the ox- 
idation prevention coating and includes the locking 
groove 199 which receives the locking ring 201. The 
body 192 has a stepped groove 188 for receiving the 
ring 201 as described above. The coating 198 is about 
0.002-0.003 thick. The coating may be any commercial- 
ly available insulating material such as thermoplastics 
and the like. 

(0066] The electrically conductive paint coating 200 is 
deposited over the coating 198 and may be about 
0.002-0.003 inches thick (0.05-0.08 mm). The coating 
200 is also deposited over the head 204 in electrically 
conductive contact with the bolt 196 head. The region 
195 is thus electrically conductive as exposed. The 
shank 198 and head 204 are coated with an electrically 
insulating thermoplastic layer 202 preferably about 
0.031 inches (0.8 mm) thick. The layer 202 has a ta- 
pered region 187. This tapered region permits the bolt 
to be more easily inserted into a seal such as seal 4, 
Fig. 1 . The layer 202 terminates in this example about 
1.625 inches (4.1 cm) from end 206. This leaves about 
0.626 inches (16 mm) of electrically conductive coating 
200 exposed. The layer 202 may be applied by injection 
molding. The layer 202 serves as a moisture seal with 
the housing such as housing 48 when the bolt assembly 
is inserted into the seal housing protecting the interior 
components from moisture. 

[[0067] The circuit board assembly 194 has two 
spaced contacts 208 and 210 secured to board 212. The 
locking body 192 in the assembled state is spaced from 
and between the contacts 208 and 210 and does not 
engage the contacts 208 and 210. Electrical connection 
of the contacts 208 and 21 0 by the switch action of the 
connection formed by the inserted bolt 196 electrically 
conductive regions applies power to the transmission 
and control circuit on the board 212 as discussed above 
with the other embodiments. The contact 210 ohmically 
engages the shank 197 exposed region 195. The con- 
tact 208 ohmically engages the electrically conductive 
coating 200. Coating 200 is ohmically engaged with the 
shank 197 through its ohmic engagement with the head 
204. Since coating 200 is insulated from the shank 197 
along the shank length no direct electrical ohmic en- 
gagement is made in this region by the contact 208 to 
the shank 197 in this region. 

£0068] In operation, the bolt assembly 190 is inserted 
through the mating hasp 8, 8', Fig. 1 and into the housing 
such as housing 48 sub-chamber corresponding to sub- 
chamber 64, Fig 6. As the assembly 190 is inserted, the 
shank 197 tip region 195 adjacent to end 206 ohmically 
engages the contact 210, Fig. 17. When the shank 197 
is fully inserted the groove 1 99 engages and locks to the 



locking ring' 201 in the locking body 192. At the same 
time the contact 208 ohmically engages the conductive 
coating 200. Once both contacts 208 and 210 are en- 
gaged by the respective corresponding engaged region 

5 195 and coating 200, the circuit assembly 194 begins 
transmission. Electrical continuity is provided by the 
shank 197 at region 195 from contact 210 to the head 
204 to the conductive layer 200 ohmically connected to 
the head 204 electrically conductive region. This con- 

10 nects contacts 208 and 210. 

[0069] The tapered region 187 assists in insertion of 
the bolt into the housing sub-chamber corresponding to 
sub-chamber 64. This provides a tight interference fric- 
tion fit between the layer 202 and the housing corre- 

15 sponding to housing 48 providing moisture sealing ther- 
ebetween. Only the bolt portion with the layer 202 ex- 
tends beyond the housing. The coating 198 insulates 
the coating 200 from engaging the shank except at the 
head 204 where there is no coating 198. 

20 {0070] Should the shank 1 97 be severed in an attempt 
to open the seal, this breaks the circuit supplying power 
to the transmission circuit. This interruption of power, 
even if momentary, results in a tamper signal being gen- 
erated and transmitted as discussed above. 

25 [0071] In a further alternative not part of the present 
invention, a bolt 261, Fig. 20, includes a metal head 262, 
which may be of any shape such as a disk and so on, 
having a circular cylindrical recess 263. A metal tube 
264 which is steel or stainless steel or other hard tough 

30 metal is welded or otherwise permanently fastened to 
the head 262 in the recess 263 such as by swaging and 
so on. The end of the tube 264 is tapered in a frusto- 
conical tip 265. The tip 265 has a reduced diameter 
opening in communication with the tube hollow core 

35 266. 

[0072] A stiff insulated wire 267 of relatively heavy 
gauge, for example, having a diameter slightly smaller 
than the diameter of the tube core 266 is in the core 266. 
This and the other drawings are not to scale. The wire 
40 267 has a bare uninsulated metal conductor 267* ex- 
posed at the head 262 end of the wire 267. Conductor 
26T abuts the head in ohmic conductive contact there- 
with. The other end of the wire 267 passes through the 
reduced diameter opening in the tube tip 165 and may 
45 be held there by crushing the tip 265 end somewhat 
against the wire 267 insulation, crimping the wire there- 
to. A metal ring 268 is ohmically fastened to the wire 267 
metal conductor at the exposed wire end such as by sol- 
dering and so on. 

[0073] Wall 66' of the seal housing (see Fig. 1a, as- 
sembly 50) corresponds to the wall 66 of assembly 50. 
Tubular member 102, Figs. 4 and 5 is replaced with a 
tubular member 269, Fig. 20, and which receives the tip 
end of the tube 264 and the ring 268. A contact 270 is 
55 attached to the wall 66' and located in the* hollow core 
of the member 269. This contact replaces the contact 
172, Fig. 16 of board 169, the board 169 circuit 170 oth- 
erwise being the same for use with the bolt 261. The 
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contact 270 is connected similarly to the circuit 170 as 
contact 172. The tube 264 has a locking ring groover 
272 for engagement with a locking body as discussed 
above in connection with figures 5-7. In the alternative, 
the tube or bolts may have locking grooves for engage- 
ment with locking collets as known in the seal art such 
as shown in US pat. Nos. 5,450,657, 
5,582,447,5,413,393 and 5,347,689. 
[0074] In operation, should the head 262 be removed 
form the tube 264, the ohmic engagement of the wire 
267 conductor 267* disengages ohmically from the head 
262 and results in the generation of the tamper signal 
as discussed above. If the medial portion shaft of the 
tube 264 is severed the ohmic contact of the wire 267' 
to the head will be interrupted and result in a tamper 
signal. Any displacement of the head relative to the con- 
ductor 267* provides the same tamper signal result 
[0075] It will occur to one of ordinary skill that various 
modifications may be made to the disclosed embodi- 
ments given by way of example and not limitation. It is 
intended that the scope of the invention be defined by 
the appended claims. For example, the locking mecha- 
nisms, the power source, the bolt configuration, the in- 
formation stored and transmitted, the use of a movable 
door and a transparent housing may be changed ac- 
cording to a given implementation. In place of a door 
locked by the inserted bolt, the end wall assembly may 
include locking devices for permanently locking the as- 
sembly to the housing without a door. The antenna may 
be attached to the housing rattier than the circuit board. 
The serial number may be attached to the housing rath- 
er than the circuit board. The contact arrangements may 
differ from the disclosed embodiments. 
[0076] In the alternative, an elongated insulating 
member such as a rod or coating layer of any cross sec- 
tion shape in place of the coating disclosed may be used 
for forming a key along the shank, the housing having 
a mating keyway for receiving the key. One or more con- 
ductors are located within or adjacent to the insulating 
member and make ohmic contact with the bolt at the bolt 
head and/or at other spaced locations along the shank, 
each location forming a completed separate power sup- 
ply circuit with the control means. Momentary separa- 
tion of the bolt from the contacts or severing the bolt so 
that there is interruption of the signal to the signal sens- 
ing portion of the circuit causes the generation of a 
tamper signal. The tamper signal may comprise any 
suitable signal recognized as a tampered condition, and 
transmission of the word "tamper* is given by way of il- 
lustration. 



Claims 

1; An electronic seal (4) comprising: 

a housing (48) having a cavity (51 , 60, 62, 64); 
an electrically conductive bolt (146, 196) hav- 



ing a shank (150; 197) and a head (148; 204); 
a locking mechanism (21) fixed in the cavity for 
receiving and locking the received shank in the 
cavity; 

a circuit (121, 170) in the cavity generating 
code signals; , 
and 

a transmitter (142) in the cavity responsive to 
the code signals for transmitting a signal man- 
ifesting the codes; 

characterized in that: 

an electrical conductor (162; 200) extending 
along the received shank externally the shank 
and within an externally the housing (48), the 
electrical conductor (162, 200) being electrical- 
ly insulated from the shank and ohmically cou- 
pled to the head of the electrically conductive 
bolt; 

the circuit (121, 170) in the cavity being ohmi- 
cally coupled to the electrical conductor (162, 
200) and to the shank for generating a first code 
signal manifesting a locked state of the bolt and 
for generating a second code signal manifest- 
ing a tampered state of the bolt upon severance 
of at least one of the electrical conductor and 
shank. 

30 2. The seal (4) of claim 1 , 
characterized in that 

the electrical conductor is an electrically conductive 
layer (162, 200) extending over the shank. 



35 3. The seal (4) of claim 2 # 
characterized in that 

further including an electrically insulating layer 
(202) over at least a portion of the electrically con- 
ductive layer (200) over the shank. 

40 

4. The seal (4) of claim 3, 
characterized in that 

the electrically insulating layer (202) extends over 
and completely covers the electrically conductive 
45 layer (200) on said head. 

5. The seal (4) of claim 3, 
characterized in that 

the insulating layer (202) has an interface with the 
50 housing for moisture sealing the interface. 

6. The seal (4) of claim 1 , 
characterized by 

an insulating layer (164, 198) between the shank 
55 and the electrically conductive layer (162, 200). 

7. The seal (4) of claim 1 f 
characterized in that 
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said housing (48) includes an opening (90) for re- 
ceiving means for programming said circuit means 
with seal identifying data, said housing including a 
door (68) for selectively closing the opening, said 
door including a bolt receiving recess (98) for lock- 
ing the door closed in response to said received 
locked shank engaged with said recess. 

8. The seal (4) of claim 1, 
characterized in that 

said circuit includes contact means (130 f 174) for 
engaging said received locked shank for electrically 
coupling an electrical power source to the shank 
and electrically conductive layer. 

9. The seal (4) of claim 1 
characterized in that 

the circuit includes transmitting means for transmit- 
ting the first and second signals. 

10. The seal (4) of claim 1, 
characterized in that 

further including a door secured to said housing for 
enclosing an opening to the cavity, said circuit (121 , 
170) including means responsive to programming 
means inserted through said opening for causing 
said circuit (121, 170) to generate a seal identifying 
code included in said first and second codes, and a 
locking arrangement for locking the door shut upon 
the locking of said received shank. 

1 1 . The seal (4) of claim 1 
characterized in that 

the locking mechanism (21) comprises a body (22) 
secured in the cavity, a recess in the body and a 
ring segment (24) in the recess, the shank including 
a groove (152) for engaging the ring segment for 
locking the shank to the body. 

12. The seal (4) of claim 1, 
characterized in that 

the circuit (121, 170) includes sense means for 
causing said second signal to be generated upon 
sensing interruption of said continuous telectrical 
conductor. 

13. The seal (4) of claim 8, 
characterized in that 

said contact means gomprises a support (169), a 
first contact (1 82) on the support and a resilient sec- 
ond contact (174) secured to the support releasea- 
bly engaged with the received shank and ohmically 
connected to the first contact. 

14. The seal (4) of claim 13, 
characterized in that 

the second contact is serpentine. 



1 5. The seal (4) of claim 13, 
characterized in that 

the second contact is S-shaped. 

5 16. The seal (4) of claim 1 , 
characterized in that 

the circuit (121, 170) includes an electrical circuit 
comprising a first contact (172) for ohmically engag- 
ing the shank and a second contact (174) for ohm- 
10 ically engaging said conductor, means for applying 
electrical power from a source to said circuit through 
the bolt and electrical conductor for activating the 
circuit, the interruption of the electrical circuit for 
causing the circuit (121, 170) to generate said sec- 
ts ond code. 

17. The seal (4) of claim 1, 
characterized in that 

further including receiver means (214), said receiv- 
er means including means response to an interro- 
gation signal for causing said transmitter (142) to 
transmit said first or second codes. 

18. The seal (4) of claim 1, 
characterized in that 

the circuit includes means responsive to an applied 
input signal for causing the transmission of said first 
and second signals. 

1 9. The seal (4) of claim 1 , 
characterized in that 

further including a contact (172, 174) responsive to 
the received shank for applying an energizing signal 
to said circuit and activating the transmitter. 



Patentanspruche 

1 . Elektronisches Siegel (4) mit 

40 

. - einem Gehause (48), das einen Hohlraum (51 , 
60, 62, 64) aufweist; 

einem elektrisch leitenden Bolzen (146, 196), 
45 der einen Schaft (150; 197 und einen Kopf 

(148; 204) aufweist; 

einer im Hohlraum befestigten Verriegelungs- 
vonichtung (21) zum Aufnehmen und .Verrie- 
5 o geln des aufgenommenen Schaftes im Hohl- 

raum;. 

einer Schaltung (121, .170) im Hohlraum, die 
Codesignale erzeugt; und 

55 

einem Sender (142) im Hohlraum, der auf die 
Codesignale empfindiich ist, um ein die Codes 
offenbarendes Signals zu senden. 
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dadurch gekennzeichnet, 

dass ein elektrischer Leiter (162; 200) sich entlang 
des aufgenommenen Schaftes au&erhalb des 
Schaftes und innerhalb und auderhalb des Gehau- 
ses (48) erstreckt, wobei derelektrische Leiter (162, 5 
200) vom Schaft elektrisch isoliert und mit dem Kopf 
des elektrisch leitenden Bolzens galvanisch ver- 
bunden ist, 

dass die Schaltung (121, 170) im Hohlraum mit 
dem elektrischen Leiter (162, 200) und mit dem 10 
Schaft galvanisch verbunden ist, um ein erstes Co- 
designal zu erzeugen, das einen verriegelten Zu- 
stand des Bolzens offenbart, und um ein zweites 
Codesignal zu erzeugen, das einen verfalschten 
Zustand des Bolzens nach Trennung mindestens 15 
des elektrischen Leiters und/oder des Schaftes of- 
fenbart. 



Siegel (4) nach Anspruch 1 , 
gekennzeichnet dgrch 

eine isolierende Schicht (164, 198) zwischen dem 
Schaft und der elektrisch leitenden Schicht (162, 
200). 
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Siegel (4) nach Anspruch 1, 
dadurch gekennzeichnet, 

dass der elektrische Leiter eine elektrisch leitende 
Schicht (162, 200) ist, die sich uber den Schaft er- 
streckt. 



Siegel (4) nach Anspruch 2, 
dadurch gekennzeichnet, 

dass au&erdem eine elektrisch isolierende Schicht 
(202) vorgesehen ist, die sich zumindest uber einen 
Abschnitt der elektrisch leitenden Schicht (200) auf 
dem Schaft erstreckt. 30 

Siegel (4) nach Anspruch 3, 
dadurch gekennzeichnet, 

dass die elektrisch isolierende Schicht (202) sich 
uber die elektrisch leitende Schicht (200) auf dem 35 
Kopf erstreckt und diese vollstandig bedeckt. 



Siegel (4) nach Anspruch 3, 
dadurch gekennzeichnet, 

dass die isolierende Schicht (202) mit dem Gehau- 
se eine Beriihrungsflache besitzt, um die Beruh- 
rungsflache gegen Feuchtigkeit abzudichten. 
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Siegel (4) nach Anspruch 1 , 
dadurch gekennzeichnet, 

dass das Gehause (48) eine Offnung (90) aufweist, 
die zur Aufhahme einer Einrichtung zum Program- 
mieren der Schaltungs einrichtung mit siegel id enti- 
fizierenden Daten vorgesehen ist, wobei das Ge- ss 
hause zum Verschliefieri der Offnung eine Tur (68) 
aufweist, wobei die Tur eine Bolzenaufnahmeaus- 
sparung (98) aufweist, die zum Vemegeln der ver- 



schlossenen Tur entsprechend dem in der Auss pa- 
rung aufgenommenen verriegelten Schaft vorgese- 
hen ist. 

8- Siegel (4) nach Anspruch 1, 
dadurch gekennzeichnet, 

dass die Schaltung Kontakteinrichtungen (130, 
174) zum Eingreifen in den aufgenommenen verrie- 
gelten Schaft zum elektrischen Anschluss einer 
elektrischen Energiequelie an den Schaft und die 
elektrisch leitende Schicht aufweist. 

9. Siegel 84) nach Anspruch 1, 
dadurch gekennzeichnet, 

dass die Schaltung zum Senden des ersten und 
zweiten Signales eine Sendereinrichtung aufweist. 

1 0. Siegel (4) nach Anspruch 1 , 
dadurch gekennzeichnet, 

dass weiter eine Tur vorgesehen ist, die am Ge- 
hause befestigt ist, urn eine Offnung zum Hohlraum 
zu verschlielien, wobei die Schaltung (121 , 170) ei- 
ne Einrichtung aufweist, die auf eine Programmier- 
einrichtung reagiert, die durch die Offnung einge- 
steckt wird, um zu bewirken, dass die Schaltung 
(121, 170) einen siegelidentifizierenden Code er- 
zeugt, der den ersten und zweiten Code enthalt, 
und. eine Verriegelungsanordnung aufweist, die 
zum Vemegeln der geschlossenen Tur nach dem 
Vemegeln des aufgenommenen Schaftes vorgese- 
hen ist. 

1 1 . Siegel (4) nach Anspruch 1 , 
dadurch gekennzeichnet, 

. dass die Verriegelungsvorrichtung (21) einen Kor- 
per (22), der im Hohlraum befestigt ist, eine Aus- 
sparung im Korper und ein Ringsegment (24) in der 
Aussparung aufweist, wobei der Schaft eine Rille 
(152) aufweist, die zum Greifen des Ringelementes 
vorgesehen ist, um den Schaft mit dem Korper zu 
vemegeln. 

12. Siegel (4) nach Anspruch 1, 
dadurch gekennzeichnet, 

dass die Schaltung (121, 170) ein Tastelement auf- 
weist, das zum Erzeugen des zweiten Signales 
nach dem Sensieren eine Unterbrechung des kori- 
tinuieriichen elektrischen Leiters vorgesehen ist. 

13. Siegel (4) nach Anspruch 8, 
dadurch gekennzeichnet, 

dass die Kontakteinrichtung einen Trager (169), ei- 
nen an dem Trager vorgesehenen ersten Kontakt 
(182) und einen federnden zweiten Kontakt (174) . 
aufweist; der am Trager befestigt ist, freigebbar in 
den aufgenommenen Schaft eingreift und galva- 
nisch mit dem ersten Kontakt verbunden ist. 
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14. Siegfel (4) nach Anspruch 13, 
dadurch gekennzeichnet, 
dass der zweite Kontakt schlangenformig ist. 

15- Siegel (4) nach Anspruch 13, 
dadurch gekennzeichnet, 
dass der zweite Kontakt S-fdrmig ist. 

16. Siege! (4) nach Anspruch 1, 
dadurch gekennzeichnet, 

dass die Schattung (121, 170) einen elektrischen 
Schaltkreis enthalt, der einen ersten Kontakt (172) 
zum galvanischen Eingrerfen in den Schaft und ei- 
nen zweiten Kontakt (174) zum galvanischen Ein- 
greifen in den Leiter aufweist, Mitte! zum Antegen 
elektrischer Energie von einer Energiequelle an 
den Schaltkreis durch den Bolzen und den elektri- 
schen Leiter vorgesehen sind, um den Schaltkreis 
zu aktivieren, wobei die Unterbrechung des elektri- 
schen Schaltkreises verursacht, dass die Schat- 
tung (121, 170) den zweiten Code erzeugt. 

17- Siegel (4) nach Anspruch 1, 
dadurch gekennzeichnet, 

dass aufierdem eine Empfangereinrichtung (214) 
vorgesehen ist, die eine Einrichtung aufweist, die 
auf ein Abfragesignal reagiert, das verursacht, dass 
der Sender (142) den ersten oder zweiten Code 
sendet. 

18. Siegel (4) nach Anspruch 1, 
dadurch gekennzeichnet, 

dass die Schattung eine Einrichtung enthalt, die auf 
ein angelegtes Eingabesignal reagiert, um die 
Obertragung des ersten und zweiten- Signales zu 
bewirken. 

19. Siegel (4) nach Anspruch 1, 
dadurch gekennzeichnet, 

dass weiter ein Kontakt (172, 174) vorgesehen ist, 
der auf den aufgenommenen Schaft reagiert, um ei- 
ne Erregersignal zur Schaltung zu liefern und den 
Sender zu aktivieren. 



Revendications 

1. Un bloc electronique hermetique (4) du type 
comprenant : 

un boTtier (48) comportant une cavite (51, 60, 
62,64), 

un boulon electriquement conducteur (146, 
196) comportant un tut (150, 197) et une tete 
(148, 204), 

un m£canisme de verrouillage (21 ) fixe dans 
la cavrte et bloquant le fOt regu dans la cavite, 
un circuit (121, 170) dans la cavite, emettant 



des signaux codes, et 

un transmetteur (142) dans la cavite, repondant 
aux signaux cod£s en transmettant un signal 
conrespondant aux codes, 

5 

caracteris6 en ce qull comprend 
un conducteur electrique (162, 200) s'6tendant le 
long du fOt, a I'exterieur du fOt et a I'interieur et a 
Fexterieur du boTtier (48), ce conducteur electrique 

10 (162, 200) etant isole electriquement du fOt et cou- 
ple ohmiquement a la tete du boulon electrique con- 
ducteur, le circuit (121, 170) situe dans la cavite 
etant ohmiquement couple au conducteur electri- 
que (162, 200) et au fOt en vue d'emettre un premier 

15 signal code, signalant un etat verrouille du boulon 
et d'emettre un second signal code signalant un etat 
altere du boulon en cas de sectionnement du con- 
ducteur electrique, du fut ou de tous les deux. 

20 2. Le bloc hermetique (4) de la revendication 1 , carac- 
terise en ce que le conducteur electrique est cons- 
titue par une couche electriquement conductrice 
(162, 200) s'etendant sur le fut. 

25 3. Le bloc hermetique (4) de la revendication 2, carac- 
terise en ce qu'il comporte au surplus une couche 
electriquement isplante (202) sur au moins une por- 
tion de fa couche electriquement conductrice (200) 
situee sur le fOt. 

30 

4. Le bloc hermetique (4) de la revendication 3, carac- 
terfise en ce que la couche electriquement isolante 
(202) s'etend, en la recouvrant completement sur 
la couche electriquement conductrice (200) sur la- 

35 ditetete. 

5. Le bloc hermetique (4) de la revendication 3, carac- 
terise en ce que la couche isolante (202) presente 
une interface avec le boTtier en vue d'isoler herme- 

40 tiquement interface de rhumidite. 

6. Le bloc hermetique (4) de la revendication 1 , carac- 
terise par une couche isolante (164, 198) situee 
entre le fut et la couche electriquement conductrice 

45 (162,200). 

7. Le bloc hermetique (4) de la revendication 1 , carac- 
terise en ce que ledit boTtier (48) presente une 
ouverture (90) destinee a recevoir des moyens en 

so vue de la programmation dudlt circuit par des don- 
nees numeriques d'identification du bloc, ledit boT- 
tier comportant un volet de fermeture (68) destine 
a fermer selectivement ladite ouverture, ledit volet 
pr6sentant un creux (98) destine a recevoir le bou- 

55 ion en vue de verrouiller le volet ferm6 sous Peffet 
de la cooperation entre le fut verrouille et ledit creux. 

8. Le bloc hermetique (4) de la revendication 1 , carac- 
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terise en ce que led it circuit comport© des contacts 
(130, 174) destin6s & cooperer avec (edit fut ver- 
rouille pour coupler electriquement une source 
d'energie electrique au tut et a la couche electrique- 
ment conductrice. 

9. Le bloc hermetique (4) de la revendication 1 , carac- 
terise en ce que le circuit comprend des moyens 
de transmission destines a transmettre le premier 
et le second signaux. 

10. Le bloc hermetique (4) de la revendication 1 , carac- 
terise en ce qu'il comprend au surplus un volet fixe 
audit bottier en vue d'obturer une ouverture prati- 
quee dans la cavite, ledit circuit (121, 170) compor- 
tant des moyens sensibtes aux moyens de pro- 
grammation insere par ladite ouverture en vue de 
provoquer remission par ledit circuit (121 , 170) d'un 
code ^identification du bloc hermetique, contenu 
dans les premier et second codes, ainsi qu'un sys- 
teme de verrouillage destine a verrouiller le volet 
ferme lors du verrouillage dudit tut qui est recu. 

1 1 . Le bloc hermetique seion la revendication 1 , carac- 
terise en ce que le mecanisme de verrouillage (21 ) 
comprend un corps (22) fixe dans la cavite, un creux 
dans le corps et un segment de bague (24) situe 
dans le creux, le fut presentant une rainure (152) 
destinee a cooperer avec le segment de bague en 
vue de verrouiller le fut au corps. 

12. Le bloc hermetique (4) de la revendication 1 , carac- 
terise en ce que le circuit (121, 170) comprend des 
moyens de detection destines a provoquer remis- 
sion dudit second signal lors de la detection de In- 
terruption dudit conducteur electrique continu. 

13. Le bloc hermetique (4) de la revendication 8, carac- 
terise en ce que lesdits moyens de contact com- 
prennent un support (1 69), un premier contact (1 82) 
sur ce support et un second contact elastique (1 74) 
fixe au support et cooperant de maniere liberable 
avec le fut recu et connecte ohmiquement au pre- 
mier contact. 

14. Le bloc hermetique (4) de la revendication 13, ca- 
racterise en ce que le second contact est realise 
en serpentine. 

15. Le bloc hermetique (4) de la revendication 13, ca- 
racterise en ce que le second contact est en forme 
de S. 

1 6. Le bloc hermetique (4) de la revendication 1 , carac- 
terise en ce que le circuit (121, 170) comprend un 
circuit electrique incluant un premier contact (170) 
en vue de cooperer ohmiquement avec le fut et un 
second contact (174) en vue de cooperer ohmtque- 
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ment avec ledit conducteur, des moyens pour ap- 
pliquer une energie electrique provenant d'une 
source audit circuit par I'intermediaire du boulon et 
du conducteur electriquement en vue d'exciter le 
5 circuit, rinterruption du circuit electrique provoquant 
remission par le circuit (121, 170) dudit second co- 
de. 

1 7. Le bloc hermetique (4) de la revendication 1 f carao 
10 terise en ce qu'il comprend au surplus des moyens 

de reception (214), lesdits moyens de reception 
comportant des moyens qui sous Teffet d'un signal 
d'interrogation provoquent la transmission par ledit 
transmetteur (142) dudit premier et dudit second 
is code. 

1 8. Le bloc hermetique (4) de la revendication 1 , carac- 
terise en ce que le circuit comprend des moyens 
qui sous I'effet d'un signal d'entree applique provo- 

20 quent la transmission desdits premier et second si- 
gnaux. 

1 9. Le bloc hermetique (4) de la revendication 1 , carac- 
terise en ce qu'il comporte au surplus un contact 
(172, 174) qui, sous I'effet de ('introduction du fut 
applique un signal d'excitation audit circuit en vue 
d'activer le transmetteur. 
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